Environmental-ecological analysis system (EASYS) for urban planning  by Lee, Sangheon & Oh, Kyushik
 APCBEE Procedia  1 ( 2012 )  369 – 374 
2212-6708 © 2012   The Authors. Published by Elsevier B.V.
Selection and/or peer review under responsibility of Asia-Pacifi c Chemical, Biological & Environmental Engineering Society
doi: 10.1016/j.apcbee.2012.03.061 
 
ICESD 2012: 5-7 January 2012, Hong Kong  
Environmental-ecological analysis system (EASYS) for urban 
planning 
Sangheon Leea, Kyushik Ohb,* 
a.bDepartment of Urban Planning, Hanyang University, 222 Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea 
Abstract 
There are efforts to construct a U-Eco City in Korea that combines aspects of a ubiquitous city with an eco-city.  One 
of the important services offered in a U-Eco City is the ability to calculate carrying capacity to ascertain the level of 
development that can be maintained under environmental standards.  Therefore, the Environmental-ecological 
Analysis System (EASYS) was developed in this study to promote more efficient environmental assessment and 
urban management.  This system can monitor environmental conditions, assess ecological value, and calculate 
carrying capacity.  The results can be used as a guideline to realize environment-friendly development. 
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1. Introduction 
Recently, there have been many efforts to combine Information Technology (IT) with urban 
management as in the case of the Ubiquitous City (U-City), Information City, Tele-City, and Intelligent 
City, and so on.  The Korean government has been endeavouring to build a U-City and is now working on 
a U-Eco City (Ubiquitous-Ecological City) project that involves building a new type of urban model to 
adopt the U-City to the Eco-City. 
In a U-Eco City, various types of environmental information are measured in real time and are in turn 
applied for more efficient urban management.  This can lead to innovations in urban planning and 
management, especially in the urban environmental part by resolving problems such as a lack of 
environmental information and the absence of accumulated data.  Moreover, such innovations can lead to 
calculations and assessments of carrying capacity in real time, in which urban management using carrying 
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capacity refers to the management of pollution under a level that urban space can sustain. 
Subsequently, the aim of this study was to develop the EASYS (Environmental-ecological Analysis 
SYStem) and to adopt the system to real urban space. 
2. EASYS (Environmental-ecological Analysis SYStem) 
2.1. Outline of EASYS 
EASYS was created to ascertain the carrying capacity which is level of urban development that can be 
maintained without causing any environmental loads.  Here, the concept of environmental carrying 
capacity has been studied and applied in the fields of ecology, tourism, urban planning, and 
environmental planning since the 1930s.  In terms of urban planning, carrying capacity is the determined 
ability of the natural and artificial environment to support the demands of various uses [2].  In addition, 
carrying capacity is defined as the ability of natural and man-made systems to absorb population growth 
or physical development without serious decline or damage [6]. 
These concepts of carrying capacity are based on the assumption [3] that there are certain 
environmental thresholds that when exceeded can cause serious and irreversible damage to the natural 
environment.  These approaches concerning carrying capacity can be useful when the thresholds are 
identified ahead of time.  To calculate carrying capacity, environmental factors such as air and water 
qualities are essential to sustain the basically needed environmental level [5].  In this study, air quality is 
used to calculate carrying capacity. 
 
 
Fig. 1. Modules of EASYS 
The EASYS consists of 3 modules: environmental information measurement, ecological value 
assessment and developable area deduction, and carrying capacity calculation.  The information, 
including air quality measured from U-sensors, each ecological assessment result, developable area, and 
carrying capacity, derived from this system can be used in ePSS (eco-city Planning Support System) to 
establish and evaluate land-use plans.  
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2.2. Outline of EASYS 
Environmental information measurement is a process to monitor various types of environmental 
information that are gathered in real-time.  The information are saved in an environmental DB (Data 
Base) and used as basic material to assess the ecological value and to calculate carrying capacity. 
 
Fig. 2. Sensing equipments developed by KT (Korea Telecom) 
There are 2 types of U-Sensors (Ubiquitous Sensor): one is a portable sensing box and the other one is 
a fixed sensing box.  The latter is installed permanently at one location and measures environmental 
information continuously.  The portable sensing box is set up where environmental problems occur or 
additional information is needed for certain periods.  The measuring information gathered by the sensing 
boxes include air quality (CO2, NO2, PMx) and weather conditions (temperature, humidity, wind speed 
and direction).  Finally, the collected information are forwarded wirelessly by a Ubiquitous network and 
stored in a database. 
2.3. Ecological value assessment 
The ecological value assessment was executed using land-cover, land-use, ecological and forest type 
maps, etc., which were created through additional field surveys or already existing information in the 
national DB.  In the EASYS, ecological values were assessed in 5 classes that are based on landscape 
ecology, and include forest stability, CO2 absorption, diversity, naturalness, and connectivity.  The results 
of the assessment were overlaid to determine the developable areas, and each result of the ecological 
value assessment can be used as a factor to establish more detailed land-use planning.  The overlaid result 
is displayed in 5 levels, whereby level 1 is the most conservative area that is ecologically valuable, and 
level 5 indicates the areas that are developable. 
Level ConservativeValue Management principle 
Class 1 High Must conservative area 
Class 2  
Conservative area with the 
exception of small scale 
development 
Class 3  
Development is permitted 
after investigating the type and 
scale of development 
Class 4  Developable area 
Class 5 Low 
Developable, however 
comprehensive consideration 
of environmental quality  
Fig. 3. (a) Ecological value assessment; (b) Classes of ecological value assessment 
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2.4. Carrying capacity calculation 
Carrying capacity suggests the development limit that serves to prevent environmental load, and the 
environmental standard of NO2 is used as the indicator to calculate the largest population density.  The 
process to calculate carrying capacity consists of 2 steps; trajectory analysis and the air pollutants 
dispersion model. 
First, trajectory analysis was employed to estimate locations and volumes of pollutant emissions from 
the air pollutant concentrations with consideration to the terrain, weather conditions, and land-cover.  The 
result of the trajectory analysis revealed that emission volumes and locations already existed before 
development of the area.  Therefore the additional emission volume caused by development is needed to 
be added to existing ones.  The air pollutant emission volume can be calculated by an emission coefficient 
of a person in the emission statistical data.  The additional pollutants emission volume is distributed 
where developments are permitted, and the existing emission volume is used to the conservation area. 
   
Fig. 4. (a) Concept of trajectory analysis; (b) Concept of air pollutant dispersion model 
Secondly, the air pollutant dispersion model calculates the concentrations of air pollutants dispersed by 
the pollutants with consideration to terrain, buildings, and weather conditions.  The air pollutant 
concentration derived from the dispersion model is compared to environmental standards.  If it exceeds 
the standard, the inputted population has to be decreased. On the contrary, if the concentration of the 
pollutants is below environmental standards, a higher concentration of population would have to be 
assigned to the development area.  This process repeats automatically in the EASYS to find the carrying 
capacity. 
3. Case Study 
3.1. Study area 
 
Fig. 5. Case study area 
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The case study area is located in the southwestern part of Seoul, the capital city of Korea.  Currently, 
most of the area is being used for agricultural purposes, but there are plans to develop a new town 
containing 95,000 households.  By using the average number of people per household, conversion can be 
render to the population density of 164.1 persons/ha which is a little higher than the density of a low 
density city according to Korean development density standards. 
3.2. Results 
    
Fig. 6. (a) Developable areas; (b) Emission volumes 
To determine the developable area, ecological value assessment was executed.  By overlaying the 
result of each assessment, the developable area was extracted at about 72% of the entire study area.  Due 
to the lack of U-Sensors, accurate estimation was not possible.  Therefore, already constructed emission 
data were used in this case study.  This can substitute the result of trajectory analysis, which means the 
existing emission volume before development occurs. 
 
    
Fig. 7. (a) Result of air pollutant dispersion model; (b) Result of carrying capacity calculation 
The air pollutant dispersion model was used to calculate carrying capacity after estimating the 
emission volume by using the emission unit of NO2, 13.4kg per person a year suggested by NIER [1].  
Analysis was conducted 4 times to determine the carrying capacity, and the population density was found 
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to be 100 persons/ha. 
Table 1. 1 year average concentrations of NO2 
 Iteration 1 Iteration 2 Iteration 3 Iteration 4 
Population Density (persons/ha) 164 70 130 100 
Average (ppm) 0.0310 0.0291 0.0303 0.0297 
4. Conclusion 
In this study, the EASYS analyzed environmental information and calculated carrying capacity to be 
utilized as a tool for urban development and management in a U-Eco City.  Furthermore, population 
density which allows environmental quality to remain under legal standards was suggested through the 
system. 
The results of the carrying capacity assessment are very clear and can be useful to adopt in policy 
making and in the planning process for its suggestions on development density such as population, 
density, etc. 
Nevertheless, improvement of the system is needed because the carrying capacity assessment system 
uses limited data of NO2 to calculate carrying capacity.  For the more accurate assessment, other factors 
that influence carrying capacity need to be considered. 
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